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Clinically, the bone changes occurring in multiple exostosis  stand 
in  sharp  contrast  to  those involved in  leprosy.  In  leprosy bone 
salts are lost from the body; in multiple exostosis bone salts are de- 
posited.  In a previous paper  x  we have shown that in leprosy calcium 
is retained to a marked extent.  The same tendency to retain mag- 
nesium is present but not to the same degree.  In other words, the 
diseased organism conserves its bone-buildlng constituents. 
In  the  present  communication observations  upon  two  selected 
cases of multiple exostosis  are presented.  As far as we are aware 
there are no records of an extensive study of the calcium and mag- 
nesium exchange  in this proliferative type of bone disease. 
Plan of Investigation. 
The general plan of the experiment and the methods and dietary 
employed were identical with those outlined in the previous paper. 
Description of Subjects. 
Normal Individuals. 
The individuals (Subjects 1 and 2) serving as controls in the inves- 
tigation on leprosy have been taken as controls in the present obser- 
vations also. 
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Exostosis Cases. 
Case 1.--R W. H., male, single; age 31 years; farmer and later clerk. 
Complaint.--Pain in knees; tires easily; limitation of motion. 
Family tlistory.--No evidence of heredity from grandparents' generation. 
Past His~ry.--Has had usual childhood diseases;  in 1912 had nervous break- 
down with gastric disturbances; had gonorrhea in 1916; no syphilis. 
Present History.--At 6 years of age father noticed an enlargement on the inside 
of right s nkle.  2 years later similar enlargement of left ankle.  No pain or dif- 
ficulty in walking.  Later, from time to time until 21 years of age "lumps" were 
discovered all over body especially under left arm, axilla,  and on ribs.  Between 
ages of 10 and 15 years lumps appeared on lower extremities and on left hip after 
an injury.  At same time fell on coccyx and later a lump developed there.  At age 
of 23 noticed a lump on outer side, right thigh; this apparently was a result of a 
fall 2 years previous; at that time there were distinct ecchymoses over that area. 
Certain of lumps have disappeared.  One on wrist disappeared 5 years after first 
noticed, others under arm, on left wrist, and on thumb.  Never had fractures. 
Physical gxamination.--The  patient  is  disproportionate  in  size,  although 
muscular, is in general poorly developed, is short of stature, pigeon-breasted, and 
with  rather  prominent  bony angles.  Patient  walks much  like  an  automaton, 
with short jerky steps.  Weight 114 pounds.  The lungs, heart, and other organs 
are negative. 
Examination of the bony skeleton shows numerous growths, of different sizes 
and apparently of different consistency.  Some of these growths are easily grasped 
and felt and others are barely recognized.  They occur more or less symmetrically. 
Those most easily felt and even seen occur on the femur, near knee joint,  tibia, 
fibula, radius, and ulna.  Near the shoulder on the left is a very prominent growth. 
There  is  a  marked  curvature  of the  forearms.  The  radiographs  demonstrate 
these growths to be bony with terminal cartilage crowns.  Some smooth and regu- 
lar, others markedly irregular and rough.  A  large number occur near the epiph- 
ysis; some are undoubtedly responsible for the limitation of motion.  The bones 
themselves  are  well  formed with  rather  prominent  and  thickened  epiphyseal 
portions. 
The urine and blood examinations are negative. 
D/agnos/s.--Multiple cartilaginous exostosis; stationary. 
Case 2.--C.  G., male, single; age 16 years; tool maker. 
Complaint.--Lumps on leg and crooked leg. 
Family ttistory.--No evidence of heredity in parents or children. 
Past H/story.--Scarlet fever at 4 years of age. 
Present H/st~ry.--Patient  has  noticed lumps upon various  bones, all  his life, 
some of which have grown during last 6 years.  During last few years has noticed 
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Physical Exambmtion.--A fairly tall, rather slimly built young man; narrow 
shoulders and hips and with a  decided right knock-knee;  fairly well developed 
muscularly and fairly well nourished; weight 126 lbs.  The lungs, heart, and other 
organs are negative. 
Examination of the bony skeleton shows numerous  growths or nodules most 
noticeably above and inside of right knee, also left knee.  Other growths are also 
found on forearms near lower end.  These growths are not so easily felt or so hard 
as in Case 1.  The growths above the knees, however, are easily grasped and even 
seen. 
The radiographs  show many irregular growths, some long and spindle-shaped, 
others flat, rounded, and more like lumps.  It is evident that these  are bony 
growths with considerable cartilage.  They are not so dense or definite in outline 
as those seen in Case i.  They occur mainly near and over the epiphysis.  The 
bones themselves are apparently normal with abnormal epiphyses.  Growths are 
seen on nearly all the bones. 
The urine and blood examinations are negative. 
Diagnosis.--Multiple cartilaginous exostosis; progressive. 
Calcium and Magnesium Balances. 
The data relative to the calcium and magnesium balances in Cases 
1  and 2  may be  found in Tables  I  and II.  Those  for the normal 
individuals, Subjects  1 and 2,  are given in the previous paper.  *  In 
the first period on a  diet low in calcium and magnesium Case 1, the 
more advanced case of exostosis, behaved with respect to the calcium 
balance  in a  manner very similar  to  the normal subjects,  being in 
slight negative balance.  On  the  other  hand, when the magnesium 
balance eXhibited by this subject is examined it will be found different 
from that for the normal subjects.  With the latter a positive balance 
was obtained in the first period, but with the abnormal subject there 
is  a  very  significant negative  equilibrium.  In  the  growing youth, 
Case  2,  the negative calcium balance in the first period is marked, 
being three times greater than in Case  1.  On  the  other  hand,  the 
negative magnesium balance in this period is much smaller than in 
Case 1. 
Addition of calcium in the form of milk in the second period resulted 
in an approach  to calcium equilibrium in all four cases.  However, 
the  added  calcium did not materially alter the magnesium balance 
in either case of exostosis. 
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Case  1;  Exostosis.  Calcium  and  Magnesium  Balances. 
Total ............ 
Average per day... 
Calcium-high 
2  and magne- 
sium-low. 
Total ............ 
Calcium.  Magnesium. 
Diet.  !  "  ~t¢  Output.  Output. 
Intake.  Bal-  Intake.  Balance.  a.IlCe. 
Urine.  Feces.  Urine.  Feces- 
Pl'J  mg.  mg.  mg.  mg.  mg.  mg.  mg.  mg. 
Calcium-low  J~  L.  3  573  180  366  110 
andmagne-  4  537  418  362  125  l 
slum-low.  5  563  175  354  114  L  6  500  321  336  136 
1,094  1,938  I  475  I 2,556 
.....................  2,173  --859i  1,418  1,623 
3,032  3,041 
273  ]484  118  1639 
543  214  354  --405 
758  760 
Average per day .......... 
Calcium-low  Jan. 3  i 
3  and magne- 
sium-low. 
I 
Total ................... 
Average per day .......... 
Calcium-low  Feb. 2 
and magne-  "  4 
slum-high.  "  4 
"  5 
~c  6 
Jan. 27  1,513  282 
"  28  1,603  279 
"  29  1,593  417 
978  13,624 
........  4,709 
4,602 
326  [ 1,208 
..  1,569 
1,534 
Jan. 30  483  188 
"  31  450  138 
Feb. 1  479  352 
507  162 
537  128 
536  223 
+107  1,580 
+35  526 
1,006 
I 
345  92 
322  151 
334  115 
513  2,507 
-  -- 1,440 
3,020 
171  [  835 
--480 
Total 
Average per day... 
678  1,427 
1,412 
2,105 
226  475 
470 
701 
517  386 
522  129 
522  217 
516  279 
459  161 
1,172  1,418 
2,536 
2,590 
234  283 
507 
518 
693  1,001 
231  333 
358  2,401 
-- 1,758 
2,759 
119  800 
--586 
919 
550  177 
573  118 
553  180 
554  207 
541  141 
--54  2,771 
--11  554 
823  6,378 
--  4,430 
7,201 
164  [ 1,275 
--886 
1,440 
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Case  2;  Exostosis.  Calcium  and  Magnesium  Balances. 
Diet. 
Calcium-low 
and magne- 
sium-low,  i  " 
"  20 
Total 
~kverage per day .... 
!Calcium-high 
2  and ma~ne-  and magne- 
sium-low. 
total. 
Average per day .... 
i Calcium-low 
3  and magne- 
sium-low. 
Calcium. 
Total. 
Average per day .... 
Calclum-low 
4  and magne- 
sium-high. 
Total. 
Average per day. 
Date..  Output. 
Intake. 
l  Urine•  Feces. 
i  1916  rag.  mg.  mg. 
July 17  229  219 
"  18  213  370 
19  167  463 
224  404 
i 
1,456  12,299 
833 
3,755 
364 ]  574 
2O8 
938 
July 21  920  436 
"  22  897  331 
"  23  918  448 
1,215 11,752 
.[ 2,733  2,967 
405 ]  584 
• I  911 
989 
July 24  213  339 
"  25  210  615 
"  26  235  609 
1,563  i 2,211 
658 
3,774 
521  I  737 
• J  219 
1,258 
July 27  Z10  799 
"  28  182  259 
"  29  228  615! 
1,673  1,557 
620 
3,230 
557  [  519 
206 
1,076 
Magnesium. 
Output. 
Balsnce.  Intake.  Bal-  &nce 
Urine.  Feces. 
mg,  mg.  mg.  r~g,  mg. 
142  1231 
131  144 
122  118 
133  140 
i 
525  J379 
--2,922  528  37 
904 
131  [  94 
-  730  132 
226 
166  128  1 
146  116 
156  91 
232  468 
--77  156 
335  315 
18 
650 
111  [  105 
216 
I'51  82 
143  126[ 
141  120  i 
328[246 
--3,116  435 
574 
109  [  82 
-- 1,038  145 
191 
....  ~m 
353  160 
342  86 
349  181 
427  483 
2,610  1,044  -+13 
910 
--870  348 
--4 
142  [ 161 
+4 
303 
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The return to a  diet low in calcium and magnesium in Period 3 
caused all four subjects to  assume a  negative calcium balance,  the 
two normal individuals and Case 1 behaving very much alike.  Case 
2, on the other hand, shows a  very large negative calcium balance. 
When the magnesium balance is considered in this period it is found 
that the two normalsubjects and Case 2 behave similarly; that is, show 
a  slight negative magnesium balance.  Case  1,  on the other hand, 
exhibits a marked negative magnesium balance. 
Placed in the fourth period upon a relatively high magnesium diet 
the  two  normal subjects  remain in  a  ~ignificant negative  calcium 
balance.  With  Case  1  equilibrium is practically  attained whether 
considered from the standpoint of a 3 or 5 day period.  Case 2, how- 
ever, exhibits a  marked negative balance.  Addition of magnesium 
in the fourth period causes both normal subjects and Case 2 to change 
from a  negative magnesium balance to a  positive balance.  In  con- 
trast to these results Case 1 exhibits an even greater negative balance 
than on a magnesium-free diet.  This is true whether considered from 
the view-point of a 3 or 5 day period. 
These facts demonstrate that in the exostosis cases there is a con- 
siderable variation in the manner in which the two subjects dispose 
of calcium and magnesium.  Case  1 must be regarded clinically as 
a  stabilized case of exostosis.  This fact was demonstrated by com- 
parative examinations 1 year apart.  Case 2 is considered as in the 
progressive  stage  of  the  disease.  From  the  metabolic  view-point 
Case  1  behaves very much like a  normal subject with  respect to 
calcium exchange.  A  comparison of magnesium metabolism in this 
subject with that in the normal individuals shows that a  significant 
negative balance is always present whether the subject is kept upon 
a low or high calcium or magnesium diet. 
With the growing youth, Case  2,  the calcium balance is  always 
markedly negative whether the calcium intake is high or low.  In 
other words, it would appear that this organism constantly attempted 
to rid itself of calcium.  Negative magnesium balances are the rule 
also with  this individual, except in the period of high magnesium 
intake.  On the other hand,  the negative magnesium is not at  all 
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These facts lead to the hypothesis that in exostosis in the progressive 
stage the organism shows an active effort to resist storage of calcium 
and magnesium.  With  the latter  element, however, this tendency 
is not so marked.  In the stabilized stage calcium exchange appears 
to approach the normal condition, but the loss of magnesium from 
the body is quite notable. 
Further Analysis of the Data. 
Calcium Metabolism. 
The data obtained from the study of exostosis have been subjected 
to  a  further analysis in  order to  determine the  correctness of the 
hypothesis stated above; namely, that in general in exostosis calcium 
and magnesium are eliminated from the body rather than stored. 
Excretion  of  Added  Calcium.--Calculation  of  the  percentage  of 
added calcium (Table HI) e]imlnated from the organism in stabilized 
TABLE  HI. 
Excretion of Added Calcium. 
Subject.  Exc~etlon of added 
calcium." 
Subject 1; normal ............................................ 
"  2;  "  .......................................... 
Case 1; exostosis ............................................. 
"  2;  "  ........................................... 
~r cent 
100-t- 
92+ 
96-1- 
? 
* Period 2; calcium added as milk. 
exostosis demonstrates a  great similarity to that excreted by normal 
individuals  under  like  experimental  conditions.  The  percentage 
excretion of calcium in the growing patient, Case 2, is impossible to 
compute owing to the fact that the increased calcium intake appeared 
to  check temporarily the  excessive excretion of calcium character- 
istic of the subject upon a  low calcium intake.  In Periods 3 and 4 
the massive excretion again prevails. 
Relation of Calcium Output to Intake.--In Table IV may be found 
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peribds.  These  figures  demonstrate  that  the  stabilized  case  of 
exostosis behaved in  a  manner  very similar  to  normal  individuals. 
In Case 2,  a  developing boy without marked  deposition of bone in 
growths, the metabolic rate is evidently different, since in the initial 
calcium-poor  period  the  calcium  output  was more  than  four times 
the  intake.  It  is,  of  course,  possible  that  the  low  calcium  intake 
acted  as  a  stimulus  to  elimination  of calcium  from  the  body.  Be 
this as it may, it is certain that when calcium was added to the diet 
in Period 2  the ratio is the same as that  of normal individuals.  In 
other words,  this subject apparently had not lost the ability of dis- 
posing of calcium in a normal manner.  When the addition of calcium 
TABLE  IV. 
Relation  of  Calcium  Output  to  Calcium  Intake. 
Calcium Output 
Ratio: 
Calcium Intake 
Period. 
Subject. 
'___L__  3-- 
1.6  1.0  1.8  I  Subject 1; normal ........................  1.2  0.9  1.7 
"  2;  '"  ........................ 
1.4  0.9  1.4 
Case  l;exostosis,,  2;  "  .........................  4.2  10.9  t5.7[ 
1.9 
1.7 
1.0 
5.2 
to the diet was discontinued  the old ratio  of output to intake again 
appeared,  but to an  even more exaggerated  degree.  It is probable 
that  this is an expression of delay or lag in excretion, calcium either 
being  retained  somewhat  temporarily  or  its  introduction  checking 
for a time the tendency to excessive elimination. 
From the data it is evident that under the experimental conditions 
in  active exostosis the orgaafism is not tenacious  of  calcium.  This 
fact may indicate  that  in its  initial  stages progress of the  disorder 
may possibly be checke  d by proper restriction of the intake of calcium. 
It is,  of course, impossible to  draw such a  deduction  from  a  single 
instance,  but the behavior of this individual under the experimental 
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Relation  of  Output  to  Intake for  the  Entire  Period.--The  relation 
of the total intake of calcium to its total output over the entire experi- 
mental period emphasizes the points discussed above (Table V). 
Case  1,  the  stabilized  case  of  exostosis,  behaved  very much like 
a normal individual.  On the other hand, Case 2, the growing patient, 
showed a massive excretion. 
TABLE  V. 
Relation of Calcium Output to Intake for tke Entire Period. 
Subject. 
Subject 1; normal..  ...................... 
"  2;  "  ........................ 
Case 1; exostosis  ......................... 
"  2;  "  ......................... 
Calcium. 
Output.  ]  Intake.  Difference. 
I  rag.  [  rag.  rag. 
10,443  [  7,583  --2,860 
12,626 (13 days). [  9,752  [ --2,874 
11,293 (13  "  ).  I  9,815  [ --1,478 
13,726  14,846  I--9,880 
Relation of Calcium Intake and Output to Body Weight.--Inspecfion 
of Table  VI  will demonstrate  at once  the same general features of 
calcium metabolism already discussed.  On the basis of weight Case 
2  eliminated more  calcium  than  any other  individual,  alad yet the 
intake of calcium was not much more than one-half that of the others. 
Variations in body weight therefore will not account for the massive 
excretion observed with Case 2. 
TABLE  VI. 
Relation of Caldwra Intake and Output to Body Weight. 
Subject. 
Subject 1; normal. 
"  2;  "  (13 days) ........... 
Case 1; exostosis  .................... 
"  2;  "  .................... 
Body 
weight. 
105 
150 
112 
132 
Calcium. 
__  Intake.  O~t~ut. 
rag.  I  rag" 
7,583  [ 10,443 
10,290  [ 13,316 
9,815  11,293 
4,846  13,726 
Calcium perpgtmd of 
body  v~t. 
Intake.  Output. 
68  88 
87  100 
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Absorption  of  Calcium.--Under  the  limitations  outlined  in  the 
previous paper absorbed calcium is defined as the calcium eliminated 
through  the  urine;  unabsorbed  calcium  that  passing  out  with  the 
feces.  It may be seen from Table VII that the well advanced case 
of exostosis,  Case  1,  behaves  like  a  normal person.  On  the  other 
hand, with the growing boy, Case 2,  the output of calcium through 
the urine on the calcium-poor diet (Period 1) was more than 1.5 times 
the intake, showing a  distinct loss of calcium from the body tissues. 
Nevertheless,  on  a  calcium-rich diet  (Period  2)  this  individual  ex- 
hibits a behavior similar to that of a normal person, but when he was 
again placed upon a  calcium-poor diet (Periods 3 and 4)  the calcium 
TABLE  VII. 
Relation of Urinary Calcium Excretion to Calcium Intake. 
Ratio: Calcium of Urine 
Calcium of Food 
Period. 
Subject. 
Subject 1; normal ........................  1.0  [  0.4  I  1.0  I 
"  2;  "  .......................  0.4[0.2  10.5  I 
Case 1;exostosis ........................  0.5  ]  0.2  [  0.4  [ 
• '  2;  "  .  ........................  I  0.4  12.3  I 
1.0 
0.8 
0.4 
2.7 
excreted  by  the  urine  was  more  than  twice  that  ingested.  This 
excessive excretion occurred in spite of the fact that there was in this 
individual  an  enormous quantity of cartilage being laid  down  and 
that there would be accordingly a great demand for bone salts. 
Relation  of Fecal  Calcium  to  Calcium Intake.--A  consideration  of 
the relation of calcium in the feces to calcium ingested shows that in 
the exostosis patients the same type of behavior as discussed above 
holds  true  (Table  VIII).  The  only  deviation  from  the  normal 
excretion of calcium by way of the feces to be observed is  that in 
Case 2.  On a  calcium-low diet (Period 1) more than 2.5  times the 
calcium of the food  is  eliminated by  way of  the  intestine.  This 
does not indicate any inability to absorb calcium, for on a calcium-rich 
diet  (Period  2)  the  calcium  excreted through  the feces assumes  a F.  P.  UNDERHILL,  J.  A. HONEIJ,  AND  L.  J.  BOGERT  75 
relation to the calcium of the food of normal proportions.  Resump- 
tion of a calcium-poor diet causes the reappearance of the same un- 
usual degree of calcium excretion observed in the first period. 
TABLE  VIII. 
Relation of Fecal Calcium to Calcium Intake. 
Ratio:  Calcium of Feces 
Calcium of Food 
Period. 
Subject. 
1  2  [  3 
l 
Subject 1; normal ........................  O. 6  [  O. 6  ]  O. 8  [ 
"  2;  "  .......................  0.8  0.7  1.1  ] 
Case 1; exostosis  ..........................  0.9  0.7  1.1 
"  2;  "  2.7  0.6  3.3 
0.8 
0.8 
0.5 
2.5 
Relation  of  Urinary  Calcium  to  Fecal  Caldum.--If  a  comparison 
is made between the output of calcium in the urine and feces it is 
apparent (Table IX) that in the cases of exostosis  this relation does 
not deviate very markedly from that of normal individuals. 
TABI~  IX. 
Relation of  Urinary Calcium to Fecal Calcium. 
Calcium of Urine  Ratio: 
Calcium of Feces 
Subject. 
Subject 1; normal ....................... 
,t  2;  "  ....................... 
Case 1; exostosis ........................ 
"  2;  "  ........................ 
Period. 
1.5  I  0.6  [  1.1  I  1.i 
0.5  I  0.2  I  0.4  [  a.o 
0.510.2  10.410.8 
0:610.610.7  I  1.0 
In  a  stabilized  case  of multiple  exostosis  the  calcium exchange 
differs little from that of a normal individual whether the abnormal 
subject is maintained upon a  calcium-poor diet or upon one rich in 
this  element.  In a  growing individual with multiple exostosis  the 
calcium exchange is markedly different from that of a  normal indi- 76  CALCIUM  A2ffD MAGNESIUM  METABOLISM  IN  DISEASE.  II 
vidual.  On a  calcium-poor diet  calcium is  lost from  the body in 
relatively large  quantity,  being eliminated by  both  the  urine and 
feces in a perfectly normal ratio.  On a  calcium-rich diet calcium is 
retained to an extent not widely deviating from that in normal persons. 
A resumption of a calcium-poor diet again induces excessive calcium 
elimination.  These  facts  suggest  a  possible  dietary  procedure  to 
check the further development of the  abnormal condition through 
deposit of calcium in early cartilaginous growths. 
Magnesium Metabolism. 
Excretion of Added Magnesium.--The figures in Table X  show how 
promptly added magnesium is  excreted  in  subjects  with  multiple 
exostosis.  Under  like  experimental  conditions  normal  individuals 
TABLE  X. 
Excretion of Added Magnesium. 
Subject.  Excretion of added 
Subject 1; normal ............................................ 
"  2;  "  ............................................ 
Case 1; exostosls  ............................................. 
"  2;  "  ............................................. 
per cent 
36 
45 
100 
8O 
* Period 4; magnesium  added as citrate. 
retain  more  than  one-half  the  added  magnesium, whereas  in  the 
abnormal  cases  the excretion is  much larger.  With  the  stabilized 
case of exostosis, Case 1, 100 per cent of the added magnesium was 
quickly eliminated.  The less advanced case, Case 2,  excreted about 
80  per  cent  of  the  introduced  magnesium.  This may perhaps be 
explained by  the view that  the stabilized case had no unusual de- 
mand for bone-building salts, whereas in the young, growing, active 
subject, the calcification of growths had not progressed to a  marked 
degree. 
Relation of Magnesium Output to Inlake.kConsiderable  interest 
attaches  to  the  relation  which  exists  between magnesium output 
and intake, especially in Case 1, the well stabilized case of exostosis F. P. UNDERIIILL, J. A. HONEIJ, AND L. J. BOGERT  77 
(Table  XI).  On  a  diet  low  in  magnesium the output  is  twice as 
great as the intake and indeed at times, as in Period 3, may be almost 
three times as great.  Added magnesium does not change this rela- 
tion.  This  type of case,  therefore, either is unable  to  retain mag- 
9esium or else the body attempts to rid itself of it.  The latter view 
is undoubtedly the more probable explanation, since the magnesium 
excretion is constantly three times greater than the intake. 
With  the less advanced case,  Case  2,  the same type of behavior 
relative  to  magnesium  may  be  observed,  although  the  degree  of 
excretion is  not  so marked.  This  case in  general more nearly ap- 
proaches  normal behavior,  and when magnesium is  added  there is 
TABLE  XI. 
Relation of Magnesium Output to Intake. 
Ratio:  Magnesium Output 
Magnes~m Intake 
Period. 
Subject. 
Subject 1; normal  ........................  0.9  0.9  1.2  0.7 
"  2;  "  ........................  0.9  I  1.1  [  1.0  [  0.8 
Case l; exostosis  .........................  2.1  [  1.9  I  2.7  [  2.6 
"  2;  ".  ........................  I  1.6  t  1.4  ]  1.3  I  0.9 
distinct retention.  This fact leads to the query whether the results 
obtained with this subject are explicable on the hypothesis that the 
calcium intake was too small for the individual to be able to reach 
equilibrium.  Such  a  view is  pertinent,  since clinically the patient 
was in apparent need of both magnesium and calcium for the main- 
tenance of general growth.  Moreover, the new growths were abun- 
dant  and  progressive.  The  fact  that  added  calcium  brought  this 
subject  into  balance  favors  the  hypothesis  stated  above.  On  the 
other hand, distinctly against this view-point is the fact that as the 
experimental  period  advanced,  equilibrium  was  more  nearly  ap- 
proached,  although  the  magnesium  intake  became  progressively 
lower.  Inasmuch as inadequate magnesium intake cannot be ascribed 
as the cause of the peculiar behavior of Case  1,  the stabilized case, 
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lar, it seems logical to conclude that the deviation from normal ob- 
served in the less advanced case,  Case  2,  is to be  attributed  to the 
stage of the disease rather than to an inadequate magnesium supply. 
Relation of Output  to  Intake for the Entire Period.--The  figures in 
Table XII,  showing the relation of magnesium output to intake for 
the  total  experimental  period,  merely  corroborate  and  emphasize 
the points discussed above. 
TABLE  XII. 
Relation of Magnesium Output to Intake for the Entire Period. 
Subject. 
Subject 1; normal  ........................ 
"  2;  "  (13 days) ............... 
Case 1; exostosis (13  "  ) ............... 
"  2;  "  ......................... 
Output. 
mg. 
4,133 
5,806 
13,140 
3,038 
Magnesium. 
Intake. 
mg. 
4,468 
5,894 
5,661 
2,475 
Difference. 
mg. 
+335 
+88 
-- 7,479 
-563 
Relation  of  Magnesium  Intake  and  Output  to  Body  Weight.--An 
inspection  of Table  XIII  will show  at  once  that  the  variability of 
body weight will not explain the differences observed previously with 
respect  to  magnesium  exchange  in  multiple  exostosis.  Moreover, 
when the intake and output of magnesium are considered in relation 
to body weight it is at once apparent that insufficient intake cannot 
explain  the  variations.  Thus,  Case  1  ingested  a  relatively greater 
quantity of magnesium than any of the other  subjects and yet the 
TABLE  XlII. 
Relation of Magnesium Intake  and Output to Body Weight. 
Subject, 
Subject 1; normal  ................... 
"  2;  "  (13 days) ........... 
Case 1; exostosis (13 "  ) ........... 
"  2;  "  ..................... 
Bod~ 
weigllt. 
lbs. 
105 
150 
112 
132 
Magnesium. 
Imake.  Output_..____~.  __  __ 
mg.  mg. 
4,468  4,133 
5,894  ]  5,806 
5,661  ] 13,140 
2,475  I  3,038 
Magnesium  per  pound 
of body weight. 
Intake.  Output. 
mg.  I  mg. 
42  39 
39  38 
50  117 
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excretion was  enormous.  It is  perhaps  possible  that with  Case  2 
a  small intake of magnesium may play a part in the results noted. 
On the other hand, this seems hardly probable, since in general the 
behavior  of  this  individual  with  respect  to  magnesium  exchange 
resembled that of Case 1. 
Absorption  of Magnesium.--A comparison of the relation existing 
between urinary magnesium and  food magnesium in  normal indi- 
viduals and in cases of multiple exostosis  shows a striking similarity 
in all instances except one; namely, Case 2.  Here the urinary mag- 
nesium excretion on diets low in magnesium varies from 0.7  to 0.9 
of the intake instead of 0.3  to 0.4  as  with  normal subjects  (Table 
XIV).  Addition of  magnesium to  the  diet  causes this relation to 
TABLE  XIV, 
Relation  of  Urinary  Magnesium  E~retCon  to  Magnesium  Intake. 
Ratio:  Magnesium of Urine 
Magnesium of Food 
Period. 
Subject. 
Subject l;normal ........................  0.3  I  0.3  I  0.4  I 
"  2;  "  . ......................  0.3  ]  0.3  I  0.3  [ 
Case 1;  exostosis .......................  O. 3  O. 3  O. 3 
"  2;  "  .......................  0.9  0.7  0.7 
0.2 
0.2 
0.3 
0.4 
approach the higher limits exhibited by the normal subjects.  From 
these facts it is evident that in the abnormal cases under observation 
magnesium absorption was not inferior to that in normal individuals. 
Relation  of Fecal Magnesium  to  Magnesium Intake.--A  consider- 
ation of the relation of excretion of magnesium by way of the feces 
to ingestion of this element shows  that only in Case 1 is the ratio of 
fecal magnesium to food magnesium outside the normal limits (Table 
XV).  With  Case  1 there is  a  massive excretion of magnesium by 
way of the intestine.  Inasmuch as this excretion is far greater than 
the  intake,  and  since  the  absorption  of magnesium is  normal,  it 
follows that the excess magnesium eliminated comes from the tissues, 
the intestine being the principal path of elimination. 80  CALCIUM  AND  MAGNESIUM METABOLISM  IN  DISEASE.  II 
TABLE  XV. 
Relation  of  Fecal  Magnesium  to  Magnesium  Intake. 
Ratio: Magnesium of Feces 
Magnesium of Food 
Subject. 
Subject 1; normal ....................... 
"  2;  "  ........................ 
Case 1; exostosis ........................ 
"  2;  "  ........................ 
Period. 
1  2  3 
0.5  0.6  0.810.4 
0.610.810.710.5 
1.811.5  12.912.3 
o.7{o.71o.61o.5 
Relation  of  Urinary  Magnesium  to  Fecal  Magnesh~m.--From  the 
data in Table XVI it is apparent that the ratio of urinary magnesium 
to magnesium of the feces is different from that exhibited by normal 
persons.  In the normal subjects approximately twice as much mag- 
nesium is  excreted  by  way  of  the intestine  as  through  the  urine. 
This relation holds fairly constant whether the individual is main- 
TABLE  XVL 
Relation of Urinary Magnesium to Fecal Magnesium. 
Ratio:  Magnesium  of Urine 
Magnesium  of Feces 
Subject. 
Subject 1; normal ....................... 
"  2;  "  .............  , ......... 
Case 1; exostosis ........................ 
"  2;  "  ........................ 
Period. 
1  ~~015  015  *  0.6  0.6 
0.5  0.4  0.4  0.4 
02  o.2  f  o.1  I  o.1 
1.4  I  1.1  [  1.3  [  0-8 
tained upon a  low magnesium diet or whether magnesium has been 
added to  the diet.  In the stabilized case of exostosis, Case  1,  the 
fecal excretion of magnesium is five to seven times that of the urinary 
elimination.  With  the less  advanced case,  Case  2,  conditions are 
reversed.  The  urinary  excretion  of magnesium exceeds  somewhat 
the elimination by way of the feces with a  single exception.  This 
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food.  Under  these  circumstances magnesium elimination  through 
the feces was slightly higher than excretion through the urine.  In 
this period, therefore,  Case  2  approaches quite closely the normal 
type in excretion of magnesium.  From the observations it is evident 
that in multiple exostosis there is  a  derangement of the excretory 
ratio for magnesium, the deviation from normal being in either di- 
rection.  Thus,  in  stabilized  multiple exostosis magnesium is  lost 
from the body principally by  the intestine.  When the progress of 
the disease has not become stabilized it is indicated that the greater 
portion of magnesium excreted goes by way of the kidneys. 
In  a  stabilized case of multiple exostosis magnesium added to  a 
diet low in this element  is promptly excreted.  Magnesium elimination 
in a less advanced case follows a similar course but to a less marked 
degree.  These facts may be interpreted to mean that in the stabilized 
case there was no unusual demand for bone-building-salts, whereas 
in the more active stage of the disease the degree of calcification in 
growths had not progressed to  a  marked extent, hence more mag- 
nesium was retained.  In the stabilized case of exostosis, magnesium 
output was two to three times greater than the intake whether the 
subject was maintained upon a diet poor or rich in magnesium.  With 
the less advanced case the ratio of excretion to intake follows closely 
that of the stabilized case, but the degree of excretion is not so marked. 
When magnesium is  added there is  distinct evidence of retention. 
The  variations  in  magnesium  exchange  cannot  be  attributed  to 
variable body weight.  The absorption of magnesium in individuals 
with multiple exostosis is  not inferior  to  that  in  normal subjects. 
Inasmuch as  neither inadequate intake  nor  faulty  absorption will 
account for the excessive elimination of magnesium in multiple exosto- 
sis it is obvious that it has its origin in the body tissues.  From the 
observations detailed above it is apparent that in multiple exostosis 
there  is  a  derangement of the  excretory ratio  for magnesium, the 
deviation from normal being in either direction.  In the stabilized 
condition magnesium is  lost from  the body principally by way  of 
the intestine, whereas in  the more active  stage of  the disease the 
larger portion of magnesium excreted is by the kidneys. 82  CALCIU~  AND  MAGNESIUM  METABOLISM  IN  DISEASE.  II 
Relation  of  Calcium  to  Magnesium. 
Relation of Calcium and Magnesium in the Food.--In a consideration 
of the metabolism of either calcium or magnesium it is of importance 
to  determine the  relation  existing  between  these  two  elements  in 
the food and in the excretion, since there is some evidence that the 
intake  of  one  may  influence  the  elimination  of  the  other.  It  is 
at once apparent from Table XVlI that in the first period all four 
subjects exhibited a strikingly constant ratio of calcium to magnesium 
in the food.  When calcium was added to the diet,  only in  Case  2 
was there a deviation.  Apparently in this instance the calcium intake 
was  greatly  increased  without  a  corresponding  augmentation  of 
TABLE  XVII. 
Relation  of Calcium and Magnesium  Intake. 
Calcium of Food 
Ratio: 
Magnesium of Food 
Subject. 
Subject  I; normal ....................... 
,c  2;  "  ....................... 
Case 1; exostosis ........................ 
"  2;  "  ........................ 
Period. 
,__L___  l 
1.3  [  3.6  I  1.2  [  0.8 
1.4  3.1  [  1.2  0.9 
1.3  I  3.0  I  j  0.9 
lsl58  I  1.510.6 
magnesium.  Throughout  the  remainder  of  the  investigation  the 
ratio is not notably peculiar in any instance.  It is therefore evident 
that,  in general, all subjects received approximately the same pro- 
portions of calcium and magnesium. 
Relation of Calcium and  Magnesium  in  the  Urine.--From  an  in- 
spection of Table XVIII it may be seen that although the calcium- 
magnesium ratio  of the food of all  subjects  was  fairly constant  a 
marked variation occurs even in the normal subjects in the relation 
of calcium and magnesium in  the urine.  With  the  stabilized  case 
of exostosls the variations observed are within normal limits.  Case 2, 
however,  shows  constantly  a  decided  tendency to  go  beyond  the 
normal  limits.  In  general,  the  ratio  of  calcium  to  magnesium  is 
higher than with the other subjects. ]?. P. UNDERHILL~  J. A. HONEIJ, AND  L. J. BOGERT 
TABLE  XVIII. 
Relation of Calcium and Magnesium in the Urine. 
Ratio:  Calcium  of Urine 
Magnesium of Urine 
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Subject. 
Subject 1; normal ....................... 
"  2;  "  ....................... 
Case 1; exostosis ........................ 
"  2;  "  ........................ 
Period. 
3.9[4.5  2.9]2.7 
1.8  I  1.9  2.1  3.1 
2.2[  1.9  I  1.9[  1.4 
2.7[3.6  14.713.9 
Relation of Calcium  and  Magnesium  in  the Feces.--The stabilized 
case of exostosis,  Case 1, shows that magnesium is eliminated by the 
intestine in excessive amounts when considered relative to the calcium 
excretion (Table XIX, Period  1).  Addition of calcium to the diet 
changes the ratio so that it is more nearly comparable with the normal 
ratio,  although  still  far  from  it.  This  change is  effected by  the 
additional  calcium  eliminated  and  without  any  marked  influence 
TABLE  XIX. 
Relation of Calcium and Magnesium in the Feces. 
Calcium of Feces  go~io: 
Magnesian of Feces 
Subject. 
~ubject 1; normal. 
"  2;  " 
=ase 1; exostosis. 
'"  2;  " 
Period. 
I  1  [  2  3  4 
I 
1.5  3.7  1.2  1.4 
•  1.8  3.0  2.1  1.3 
0.8  1.4  0.6  0.2 
6.0  5.5  9.0  3.2 
upon the magnesium excretion.  Resumption to a low calcium diet 
again causes a return to the previous ratio.  Addition of magnesium 
(Period 4) does not influence the output of calcium in the feces, and 
hence the ratio of calcium to magnesium is significantly  decreased. 
When the ratio of calcium to magnesium in the feces is considered 
with Case 2 the results are just the opposite of those observed with 84  C,  ALCIUM  AND  MAGNESIUM  METABOLISM  IN  DISEASE.  II 
Case  1.  In  other words,  calcium  is  excreted by  the  intestine  in 
excessive amounts (Period 1),  the ratio not being materially altered 
even on a  calcium-rich diet (Period 2).  On returning to a  calcium- 
poor diet (Period 3)  again the ratio is greatly increased  ,  apparently 
an indication of a lag in the rate of excretion.  Addition of magnesium 
to the diet (Period 4) considerably lowers the ratio.  This is caused 
by two factors, a somewhat lower calcium excretion and an increased 
magnesium output by the intestine. 
The very diverse behavior exhibited by these two cases of exostosis 
leads one to query whether this difference is indicative of two stages 
in  the  abnormal  metabolic  process.  That  is,  in  the  early  stage 
calcium is more readily eliminated from the body than magnesium. 
In  the stabilized  condition, on  the other hand,  the reverse is  true. 
Calcium is retained in a more or less normal manner but the relative 
excretion  of  magnesium  is  excessive.  It  is  possible  that  in  these 
two  stages  calcium  and  magnesium play  a  distinctive part  in  the 
calcification of  the new growths, one element being more in demand 
at one period than at another. 
The  observations  recorded  above  indicate  that  in  general  the 
relation of calcium and magnesit~m in the dietary of the experimental 
subjects  was  approximately  the  same  for  all  subjects.  Variations 
in excretion, therefore, cannot be explained on the hypothesis that 
varying proportions of one or the other element are responsible for 
the alterations in  elimination previously noted.  In general, in  the 
early stage of exostosis calcium is  excreted much more freely than 
magnesium, whereas in the stabilized stage of the disease magnesium 
is eliminated in excessive amount.  In the stabilized case of exostosis 
the  excessive  excretion  of  magnesium  is  manifested  through  the 
intestinal  path.  On  the  other hand,  with  the less  advanced case, 
Case 2, excessive elimination of magnesium is seen in both the urine 
and  the feces.  Neither in  normal individuals  nor  in  the  cases  of 
exostosis studied does addition of calcium or magnesium materially 
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CONCLUSIONS. 
In the stabilized stage of exostosis calcium exchange differs little 
from that of a  normal individual whether the abnormal subject is 
maintained upon a calcium-poor diet or upon one rich in this element. 
In  the  progressive  stage  of  the  disease  calcium  metabolism  is 
markedly different from the normal in that calcium is lost from the 
body in large amounts when the subject is maintained upon a calcium- 
poor diet.  This excessive elimination of calcium is by way of both 
the urine and feces in a normal ratio.  When placed upon a calcium- 
rich diet calcium is retained to an extent not widely deviating from 
that obtained in normal subjects.  A  resumption to a  calcium-poor 
diet again induces excessive calcium elimination. 
In the stabilized stage of exostosis magnesium excretion is two or 
three times greater than the intake whether the subject is maintained 
upon a diet poor or rich in magnesium. 
In the progressive stage of the disease the general type of mag- 
nesium excretion resembles that of the stabilized stage but the degree 
of elimination is not so marked. 
Magnesium added to the diet in the stabilized stage is promptly 
excreted.  The same test applied to the progressive stage gives evi- 
dence  of retention of some magnesium.  The  degree of retention, 
however, is much less than that shown by normal individuals. 
Absorption of  both  calcium and magnesium in  exostosis  is  not 
inferior to that of normal subjects. 
The facts enumerated suggest that in the early stages of exostosis, 
that is during the proliferative cartilage changes, the progress of the 
disease  may  perhaps  be  checked  by  proper  dietary  procedure-- 
restriction of calcium and magnesium intake. 